We tested the Guy's Hospital stroke diagnostic score using the clinical data from two independent samples ofpatients with acute stroke. These were 228 patients from the Oxfordshire community stroke project and 130 referred to the National Hospital for Nervous Diseases in London. The diagnosis was confirmed by computed tomography or necropsy in each case. The optimum cut off point on the clinical score for the differentiation of intracranial haemorrhage from infarction was found to be the same for both the patients in our study and those from whose data the score was derived originally. Set at this level, the score achieved a sensitivity for the diagnosis of haemorrhage of 81% and 88% in the patients from Oxford and London, respectively. In those from Oxford infarction was diagnosed with a sensitivity of 78% with an overall predictive accuracy of 78%. In those from London the sensitivity for infarction was also 78% with an overall predictive accuracy of 82%.
Introduction
The rational management of a patient presenting with an acute stroke should be based on a knowledge of its pathological type. Computed tomography is safe and most accurate in distinguishing cerebral haemorrhage from infarction in the acute stage after a stroke. Unfortunately there are insufficient computed tomographic scanners in the United Kingdom for computed tomography to be performed in every new case of stroke.' The diagnosis of the type of stroke by analysis of the patients' clinical features has often been shown to be unreliable.'2 This is because there is considerable overlap in the clinical features of ischaemic and haemorrhagic stroke. 4 The most promising use of a test such as the Guy's Hospital score would be to exclude intracranial haemorrhage in patients with stroke who are being considered for some form of anticoagulant or antiplatelet treatment to avoid the need for computed tomography.
To be useful such a clinical test should have a high sensitivity for detecting haemorrhage. The cost of increasing the sensitivity of a test is usually a reduction in its specificity. In testing a linear score such as that of Guy's Hospital, therefore, we decided to determine a "best" cut off point, which gave the highest sensitivity at minimum cost to the specificity. Furthermore, any scoring system such as that of Guy's Hospital, which has been derived by multivariate analysis of the data from a particular group of patients, needs to be validated in as many other groups of patients as possible.
We used data from two different series of patients to validate the Guy's Hospital score and test its ability to diagnose intracranial haemorrhage. The first set of data was collected prospectively on a sample, representative of all new cases of first stroke in the community, from the Oxfordshire community stroke project.' The second set was obtained from a retrospective case note review of patients with stroke admitted to the National Hospital for Nervous Diseases in London. Using this set of data, one of us (MJGH) has described the clinical differences between patients with haemorrhagic and ischaemic stroke.6
Patients and methods
The definitions of stroke, cerebral infarction, primary intracerebral haemorrhage, and subarachnoid haemorrhage are given elsewhere.46 In view of the difficulties of clearly distinguishing all patients with primary intracerebral and subarachnoid haemorrhages these were classified together as "intracranial haemorrhage." 14 DECEMBER 1985 The Oxfordshire community stroke project is a prospective, community based register of all new cases of first stroke in a defined population in Oxfordshire. Full details of the methods of this study are described elsewhere.5 Of the 323 consecutive patients with first stroke registered in the first two years of the Oxford project, 32 had the pathological type of their stroke confirmed at necropsy and 258 underwent computed-tomography. In 58 patients the scan was performed more than 21 days after the onset of stroke. These patients were excluded from this study because after this
calculated probability of haemorrhage or infarction were shown graphically. In this way other patients could be compared with those in the series from Guy's and the most likely diagnosis identified. The scores for the patients from the Oxford community stroke project were calculated directly from their data stored on an ICL 2988 computer at the University of Oxford, using the statistical package for the social sciences.7 The scores for the patients from the National Hospital in London were calculated by one of us (RNC) from the patients' case notes. interval the radiological distinction between haemorrhage and infarction may be unreliable. A further four patients were excluded because the clinical data available were too scanty for the Guy's Hospital score to be calculated. They had had intracranial haemorrhages and died at home soon after their stroke or were dead on arrival at hospital. The analysis was therefore confined to the 228 patients in whom the type of stroke was confirmed and in whom sufficient clinical data were available to calculate the score. Of these patients, 186 had cerebral infarction and 42 intracranial haemorrhage. Twenty five of the intracranial haemorrhages were due to primary intracranial haemorrhage and 17 to subarachnoid haemorrhage. 12 6 subtracted: level of consciousness 24 hours altcr admission +7-3 (drowsy) or + 146 (unrousable); bilateral extensor plantars + 7 1; apoplectic onset (defined by the presence of any two of loss of consciousness at onset, headache within two hours, or neck stiffness) + 21-9; diastolic blood pressure after 24 hours +(blood pressurexO 17); aortic or mitral valve disease -4-3; cardiac failure -4 3; cardiomyopathy -4-3; atrial fibrillation -4 3; cardiothoracic ratio >0 5 on chest radiography -4 3; and myocardial infarction within six months -4 3; angina, claudication, or diabetes -3 7; previous transient ischaemic attack or stroke -6 7; and historv of hypertension -4 1. In the original study the relation of the scores and the three series of patients.
Results
Figure 1 shows the scores of the patients in the three series. Figure 2 shows the "receiver operating characteristic curves" for each group of patients using the Guy's Hospital score as a test for haemorrhage.8 On such a curve the scores nearest the point when both the sensitivity and specificity are 100% will provide the optimum detection of haemorrhage. The selection of the various cut off points tested was based on the calculated probabilities of diagnosis in the study in which the Guy's Hospital score was first described.3 A score of + 14 was the point at which the probabilities of both infarction and haemorrhage were 0-5. At a score of less than +4 the probability of haemorrhage was calculated as less than 0 10. In the original study all patients with infarction had scores of less than +25 and all those with haemorrhage a score of greater than -. Figure 2 also shows that a score of +4 is the cut offpoint at which sensitivity and specificity are optimum for the diagnosis of intracranial haemorrhage.
Twenty nine patients had atrial fibrillation in the Oxford series. Four of these had intracranial haemorrhage, of whom two had a Guy's score of less than +4 and therefore would have been misdiagnosed as having cerebral infarction. Three of the 25 patients with atrial fibrillation and proved cerebral infarction had scores equal to or greater than +4 and would have been misdiagnosed as having haemorrhagic stroke.
Discussion
Despite the evident inaccuracy of the clinical distinction between intracerebral haemorrhage and cerebral infarction, in practice some authors still claim that this is possible. 
infarction or haemorrhage rather than as a means of making a dogmatic distinction between these two types of stroke. To test the score against other means of clinical diagnosis, however, a cut off point was taken at which there was an even chance of haemorrhage and infarction (score + 14) . Although at this cut off point the overall predictive accuracy of the score among the original patients was 90%, the sensitivity of the score to haemorrhage was low at 52%. Figure 2 shows that the score of + 14 was not the most useful cut off point when trying to obtain the best possible compromise between maximum sensitivity and maximum specificity for haemorrhage. This was true not only for the original group of patients from Guy's Hospital but also for both test samples. In all three series the score at which the Guy's Hospital score performed best at diagnosing haemorrhage was +4. With this dividing line the sensitivity for haemorrhage was 93% for the Guy's patients, 88% for the National Hospital group, and 81% in the series of patients from Oxford (table) . The cost of achieving this accuracy in the diagnosis of haemorrhage was to misdiagnose 18%, 22%, and 22%, respectively, of patients with infarction in each series.
The unavoidable overlap in clinical presentation between patients with cerebral infarction and those with haemorrhage limits the usefulness of the Guy's Hospital score. The score is, however, more accurate than either traditional means of clinical diagnosis3 or an alternative scoring system devised at Kyushu University'0 and since used in epidemiological studies." When the Kyushu University score was applied to the patients in von Arbin's study only halfofthe patients with cerebral haemorrhage were correctly identified, although the overall accuracy was 90%. 2 Examination of cerebrospinal fluid has an undoubted role in confirming the diagnosis of subarachnoid haemorrhage when a patient has presented with acute headache and meningism without noticeable focal signs. Lumbar puncture, however, has also been advocated as a useful test to recognise intracerebral haemorrhage after a stroke. It has been reported that primary intracerebral haemorrhage can be detected by the presence of blood, xanthochromia, or a raised protein concentration with a sensitivity of 98% 
